sealed with or without vacuumization, and promptly put in cold storage, a few containers selected at random being retained for establishing the initial count. The frozen material was analyzed every two weeks for the first three months, thereafter once a month. For analysis the sample containers immediately after thawing in water at about 37°C. were well shaken and 100 grams of the contents of each, solid and liquid, in approximate proportion 3: 1 by weight, transferred aseptically to a sterile jar. One hundred cubic centimeters of sterile water were then added, and the sample well mashed with a large flamed spatula and again shaken. From this, dilutions were made as needed and cultures prepared.2 Incubation was at 21°C. for five to seven days.
FROZEN PACK BERRIES Figure 1 shows the microbiological changes that occurred in Evergreen blackberries in 40 per cent sucrose solution, stored thirteen months in paraffined paper cups, in sealed cans without vacuum and in cans with machine vacuum of 20 inches, at temperatures of -20°C., -10°C., and -2°C. Figure 2 gives the findings during a period of four months on Marshall strawberries in 50 per cent sucrose solution, packed in paper containers and sealed cans at -20°C., -10°C., -7°C. and -4°C.; while figure 3 deals with Cuthbert raspberries similarly packed and stored during a fourteen-week period. The findings on vacuumized containers, being very similar to those on sealed non-vacuumized containers, are not included in figures 2 and 3.
From these charts three main facts will be noted: (a) The much less rapid decrease in microbial numbers at -20°C. than at -10°C. This holds true whether the container permits ingress of air or not, as shown by curves 1, 4 and 7 of figure 1, and curves 1 and 5 of figures 2 and 3, in comparison with others. Similar findings have previously been noted by Prescott et al. (1932) and by . (b) The rapid increase of micro6rganisms in non-airtight containers, and their decrease in sealed containers, at -2°C. and -40C., as shown in a comparison of curve 3 with curve 6 or 9, (1896) suggest.
The theory that C02 exerts a destructive influence on the microorganisms on fruits preserved by freezing is apparently supported by the following experiment: A series of tins containing 300 grams strawberries and 190 cc. of 50 per cent sucrose solution per tin was prepared; another series containing 300 grams per tin of strawberries only, was heated in the autoclave at 900C. for ten minutes. The heated tins on cooling received, per tin, 190 cc. of 50 per cent sucrose solution inoculated with washings from cultures It will be noted that the containers of fresh berries developed pressure, and, especially at -7°C., showed a marked reduction in microbial numbers during the storage period, whereas the inactivated berries developed no pressure, and the microbial content of the containers decreased relatively slightly at both storage temperatures.
JOURNAL OF BACTERIOLOGY, VOL. XXVI, NO. 5 The literature on the effect of CO2 on micro6rganisms has been reviewed by Valley (1928), and Brooks et al. (1932) have recently investigated the value of CO2 in preventing microbial spoilage of fruit and vegetables in transit. Further work regarding the respiration of raw material intended for freezing preservation to establish the respiratory quotient, the amount of CO2 actually evolved (sealed containers invariably show slight pressure after thawing), and precisely the extent to which CO2 acts as a germicide, particularly on the molds and yeasts occurring on small fruits, is urgently needed.
During low temperature storage all types of micro6rganisms observed were adversely affected, except that at -2°C. blackberries in non-airtight containers showed growth of Cladosporium A temperature of -4°C. has proved insufficient to inhibit microbial development in peas either in airtight or non-airtight containers, counts at this temperature rising to over 1,000,000 per gram in two months. This growth is bacterial rather than fungal as in small fruits, peas having a reaction of about pH 6.5; berries about pH 3.6. The organisms, of which there seems to be more than one type, have not to date been identified, though the genus Pseudomonas appears to be represented. Morris (1931) also has reported the growth of microorganisms on peas stored at -5C.
The presence of orgams of the "colon" group, chiefly genus Aerobacter, has been repeatedly demonstrated in string bean, scalded and uniscalded, with and without sodium chloride solution as packing liquor, after nineteen months storage at -10°C., amounts as small as 0.10 gram usually giving a presumptive test. The same is true of scalded spinach stored at -10°C. for ten months. The usual method of seeding in graded amounts in lactose bouillon, streaking from this after incubation at 370C. on eosin-methylene-blue agar, and subsequently testing the organisms in pure culture for acetyl-methyl-carbinol production and by the methyl-red test has been followed' in this study. In the spinach in question, "colon" organisms apparently became the predominating type when containers were allowed to remain at 200C., considerable gas being evolved, and the contents reaching pH 5.0 to 5.4 in three to five days.
FThe persistence of lactobacilli and organisms of the "colon" group in frozen pack vegetables may be of interest to public health workers. The writer (1932) , in an earlier paper, has called attention to the factor of antibiosis in frozen pack foods as possibly bearing on the problems of spoilage and healthfulness of these products, and Sherman, Stark, and Stark (1927 , 1928a , 1928b have shown that some of the lactic acid organ , and to a leser degree the "colon" and other intestinal organisms influence the physiology of Cl. botulinum under certain conditions.
EFFECT OF COLD AND COLD PLUS ICE FORMATION ON SACCHAROMYCES

SPECIES
In an attempt to evaluate the destructive influence of iceformation on micro rganisms, advantage has been taken of the fact that a liquid may be subjected to a sub-freezing temperature without ice formation if enclosed in a capillary, as described by Bigelow and Rykenboer (1917) . The method used has been as follows: A suspension of yeast cells is made by adding 4 drops of a young wort culture to 10 cc. wort. From this well-mixed suspension a series of capillaries about 0.75 mm. outside diameter and 170 mm. long is charged, and a series of tubes 12 by 75 mm. receiving 1 cc. per tube also prepaxed. After exposure to -10°. for a suitable period the contents of three capillaries are emptied on a sterile concave slide, mixed, and with a platinum loop 3 mm. inside diameter, five loopfuls are transferred to 5 cc. sterile wort as diluent. From this, 1 and 0.1 cc. amounts are plated in wort agar. The frozen suspension in the tube, after thawing at 20°C. and mixing, is similarly treated. Analysis of the freshly-prepared suspension is made in the same way. Calibration of the loop is unnecessary for comparative results. Preliminary experiments have indicated that the methylene blue test to distinguish between live and dead cells should be abandoned in favor of the cultural method. As shown by Fink and Weinfurtner (1930) That micro6rganisms in aqueous suspension are crushed by ice crystals when freezing occurs, but that in colloidal or other solutions they tend to be extruded with other matter from the crystals with less injury, as stated by Keith (1913) Maximov (1914) that withdrawal of water from the cell contents during ice-formation can result in irreversible changes in the protoplasm, which may prove fatal. That ice is formed within the microbial cell, at least at -20°C. seems improbable, owing to capillary forces and substances in solution, as noted by Muller-Thurgau (1880 , 1886 . SUMMARY Data have been presented showing a decrease of approximately 40 per cent in microtrganisms on blackberries stored in airtight and non-airtight containers for thirteen months at -20OC.; of 99 per cent at -10OC. and, in airtight containers only, of over 99 per cent at -2oC. Also with strawberries a decrease of 60 per cent in microorganisms has been shown in both airtight and nonairtight containers stored four months at -20°C., of 89 per cent at -10°C. and -70 C., and, in airtight containers only, of 94 per cent at -40C. With raspberries stored fourteen weeks the decrease was 61 per cent at -20oC., 95 to 97 per cent at -100C. and -70C., and 99 per cent in airtight containers only, at -40C. Possibly the greater respiratory activity of raspberries is reflected in these percentages. No significant microbiological differences have been noted between sealed containers and partly vacuumized containers stored at the same temperature.
Studies on the fate of microorganisms in artificial media at various freezing temperatures have been recorded and indicate that the death rates in such are not comparable to those when the medium is fresh fruit. It has been suggested that CO2 from respi-
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on October 25, 2017 by guest http://jb.asm.org/ Downloaded from ration of the fruit is responsible for the high death rates at -100C., -7°C. and, where the container is airtight, at -4°C. and -2°C.
Growth of Cladosporium sp. at -2°C., and of Oidium sp. and Torula sp. at -4°C. on small fruit in non-airtight containers has been recorded.
Evidence is presented that Lactobacilli and to a lesser extent "colon" organisms persist in peas for at least two years at -10°C. and "colon" organisms in string beans and spinach at -10°C. for at least nineteen months and ten months respectively. It has been further noted that bacteria, presumably of the Pseudomonas genus will increase in peas stored at -4°C.
The effect on Saccharomyces sp. of a temperature of -10°C., when the medium remains liquid, has been compared with the effect at -10°C. when the same medium freezes. Figures have been presented showing the destructive effect of ice-formation on the test organisms.
